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ABSTRACT 

The relationship between trial*to-trial changes in 
free recall and eight intelligence and memory abilities was 
investigated in a sample of 7 2 college students. Despite identical 
acquisition curves under immediate and delayed recall, differences 
between the two groups in correlational pattern between recall 
performance and abilities were striking. Under delayed recall 
intelligence variables predicted recall performance bestf 
particularly in late trials. Memory variables werd most predictive 
under immediate recall, especially in early trials. These results 
point to the need of aligning components of abilities and learning 
performance as a rationale for the modification of intellectual 
competence. References and tables are included, (Author) 
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MSTRACT 

The relatignship between trial- to- trial dianges in free recall and eight 
intelligence and memory abilities was Investigated in a sajiplc of 72 college 
students. Despite identical acquisition curves under iiimediate and delayed re- 
call, differences bettsfeen the two groups in correlational pattern between recall 
performance and abilities were striking* Under delayed recall Intelligence 
variables predicted recall perfonnance best, particularly in late trials. Memo:^ 
variables were most predictive mder inmediate recall, especially in early trials 
TTiese results point to the need of aligning conponents of abilities and learning 
perfomance as a rationale for the modification of intellectual conpetence. 
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Aligning ComiDonents of Intelligence and 
Leaining Perfoniiance" A Proposed Rationale 
for Educational Intervention 

Gisela V, Labouvle^ Wayne Frohring 

University of Wisconsin Frostburg State College 

Paul B. BalteSj Lariy R. Goulet 

Pennsylvania State University University of Tllinois 

Intervention into the course of intellectual ontogeny traditionally has 
been aimed at fte design and provision of learning ejqDeriences that, hopefully ^ 
would alter the course of development in culturally disadvantaged diildren 
(Sigel, 1971). It is fair to state^ however^ that most intervention prograjiis 
have not produced the desired outcomes (Jensen ^ 1969; Kohlberg, 1968; LaCrosse, 
Lee 5 Lltman> Ogilvie, StodDlsky, | l^fliite, 1970), probably due to the overly 
pragmatic orientation of such efforts which rarely were guided by some tiieore- 
tical conceptions of the nature of intelligence and Intellectual development, 
and tliose e^eriences that Influence and modify specific abilities [Labouvie, 
1973; Slgel, 1971). 

In the case of the target or criterion behavior of educational intervention, 
mfortmatelyj the specification of m appropriate conceptual model has been 
particularly difficult for two major reasons ^ Psydiometric conceptions of in- 
telligence, on the one hand^ were highly prapiatically oriented (BljoUj 1971; 
Jensen, 1969) and centered miiinly on a one-sided, descrlptivs analysis of co-- 
variation patterns among multiple .perfommce measures (Gwirtz, 1969; Baltes I 
Nesselroade, 1973); they were not supplemented, however, with a tiieoretlcal 
franework tiiat specifies the antecedents and "processes Involved in tiie acquisi- 
tion of intellectual perfoimance, and thus did not provide somd tiieoretical 




groundrules from which techniques of intervention could be deduced 
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Learning approaches to tho ontogGny of cognitive behavior (Berl>TO, 1970; 
Flavcil, 19701 s on the other htmd, have visualised intellectual dcvclOjiTiient in 
terms of an increasingly--e£^ctlve mo of mcdiational devices in leaniing sit- 
uations, and have .enumerated tliose experiential conditions that might facilitato 
this progress, Tliey showed little conconij however, with demonstrating that the 
many different changes isolated in discrete tasks converge ^ i]ideed, into an in- 
terrelated set of developmental progressions , 

A nuntoer of authors tlierefore have suggested tliat it would be useful to 
attenpt a systematic integration of psydiometric and learning accounts of the 
development of intelligence C^astasi, 1970; Baltes 8 Labouvic, 1973; Raltes F, 
Nesselroade, 1973; Ferguson, 1954; Fowler, 1969; Gagne, 1968; Jensen, 1971; 
Staats, 1971; Miitemarij 1964) by discussing intellectual ontogeny in termB of 
the acquisition of certain generalized behavioral skills. The basic assuinptions 
underlying such learning models of intellectual development have been succinctly 
sumnarlzed by Jensen (1971, pp. 39-403: ''The sets of habits whidi we identify 
as intelligent behavior are seen as being built up throu^i the acquisition of 
habits ajid chains of habits which Interact to produce con^lex behavior. Mental 
development is thus viewed as the learning of m ordered set of capabilities in 
some hierarchical or progressive fashion, making for increasing skills in stimulus 
differentiation, recall of previous learned responses, and generalization and 
transfer of leaming." ITius the formation of broad, transferable Infonriation 
processing or problem solution strategies--as identified in tiie traditional 
developmental learning literature (Jensen, 19713 --is seen to provide the link 
between psychometric ability systems on tiie one hand, and effectiveness in 
learning situations on the other. 

Although such a re- conceptualization is appealing on a tiieoretical level , 
attenpts to demonstrate common con^ionents in ability test and leaniing performance 
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have not been very successful .to date. .%out a ^ decade ago, a luiiibcr of studies 
reported attempts to identily the conron processes cross- linking the t\co ureas 
by tlie exajTiination of correlational pattonis botween ability test and learning 
perfonnance (for sunmaries, see DunJiain, Guilford, § Hoepfner, 1968; Flcislunan, 
1972; Roberts, 1968). in general , tliis work has not produced systematic and 
inteipretable cross - linkages ^ althou^i It has tended to support tiie conclusions 
(a) that the pattern of abilities related to a particular task depends upon 
specific task conditions, and (b) that ability- learning relationships undergo 
systematic changes as task proficiency increases (Fleishman, 1972; Fleishman f, 
Bartlett, 1969; Frederiksen, 1969, Itoberts, 19683, 

Hie failure thus far of finding many meaningful and replicable interrela- 
tions is not suT^rising if one considers the highly e^loratoiy nature of this 
researdi. On a theoretical level it reflects, similarly, the need of formulating 
models that provide a taxono^^^^ of basic processes, or genotypes (Jensen, 1967) 
and tiieir relation to perfonnance in different tasks, treatment conditions, etc. 

The present study involves an attenpt to demonstrate that learning procerses 
and abilities can be systematically aligned, aiid tiiat tiie obtained interrela- 
tlomhips vary in a systematic mmner with e^eriential and treatment related 
parameters. Fcllomng a preliminary model by Jensen (1969; 1971; Jensen 6 
Rohwer, ) it is hypothesized that leaming-ability raaltions will be medi- 
ated by two classes of strategies: rote memorization vs. abstract organizational 
skills. 

A free recall task is used to demonstrate practice and treatment related 
.dianges in learning- ability relationships. Free recall has been shown to be a 
task particularly sensitive to studying higher-order strategies reflected in 
subjects' tendency to impose conceptual relationships on the material presented^ 
such as in clustering and siAjectlve organization (e.g., Shuell, 1969; Tulvlng, 
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19b2, 1968), NtoreovGT, the amouiit of moJiational activity cim be fairly e^isily 
manipulated by such par^etors as practice^ ago, presentation of material ^ and 
timing of recall. 

In addition to practice^ tindng of recall was used in the present study to 
manipulate mediational activity assumed to monitor changing leaniing-abllity 
relationships. Previous research suggests tiiat the insertion of a delay bet\veen 
stimulus presentation and recall results in increased mediation , as exeiTiplified 
by a reduction in the amount of prlma^s Input -dependent Ce-S*j Atkinson 8 
Shlffrin^ 1968; Postmmi § Phillips j 1965) and an increase in the amount of 
secondary, input- independent organization (e-g*? Cofor^ 196J ^ Cofer, Bruce ^ fi 
Reicherj 1966). ITius two main hyiDotheses wore fomulatedj one involving differ- 
ential recall-ability relationships between immediate and delayed timing of 
recall conditions ^ ajid tiie other involving changes in the ability^recall co- 
variation pattern as a function of stage of acquisition. Specifically, it was 
e^^ected that (a) recall measures show a strong relationship to general intel- 
ligence mder delayed recall ^ \^fhereas imder inmediate recall memory variables • 
show tlie strongest relationship to recall performance j and (b) the overall 
contribution of memoiy variables to recall perfomiance is strongest during 
early stages of acquisition, whereas later stages of acquisition ejdiibit an 
increasing relationship with intelligence vari^les 

Method 

SiAJects . A total of 72 male (N = 34) and female (N - 36) undergraduates (niean 
age: 19 years and 8 months) enrolled in introductory psychology classes served 
as subjects on a volimteer basis, ITiey were randomly distrubuted into two groups 
(Delay vs. No-Delay). 
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Rocall Task. The leaming task consisted in the recall of 30 fruniliar objects 
presented pictorjally, Eadi stimulus presented on a screen Cor t^vo seconds, 
with interstimulus intewals of about 1 second each. A presentation of all 30 
stimuli j followed by a 90 second recall interval ^ constituted one trial* During 
the first trial only, the names of the stimuli were given orally upon prcsonta- 
tion* Practice was continued until a total of 16 trials was conpleted. For 
each trial, a r^idom series of the 30 stimuli was generated, with tiie restriction 
that each stimulus appear in each order just once^ md that it be preceded or 
followed by any particular stimulus just once* Ihe order o£ these random sequences 
across trials was held constant for all subjects* 

In the Delay condition ^ aji interval o£ 30 seconds of letter cancellation 
was inserted between presentation of tlie last stimulus in each trial and recall. 
Delay was followed by 90 seconds of recall time, during which the subjects were 
to write doMi the stimuli tiiey recalled in any order they wanted. In the No-Delay 
condition J recall followed inmediately upon presentation of the last stimulus in 
a trial. In order to equalize interatrial intervals, the 30 seconds of letter 
cancellation followed recall in this condition. For both conditions, recall and 
letter cancellation sheets were prepared and arranged in booklet form. 

Marker Varia bles* All marker tests were selected on the basis o£ previous factor 
analytic work aimed at structuring both tiie mi verse of ability and menDry fimc- 
tions. Tliurstone § Tliurstone's [19623 Primar)^ Mental Ailities (PMA) test was 
chosen to mark the Intelligence domain. This test includes four subtests: Verbal 
Meaning, Nirter Facility, Reasonings and Space. Tests of memoiy abilities were 
obtained from a piillcation by Kelley (19643 as well as the French ^ astrom, | 
Price (196 33 Kit of Reference Tests for Cogyiitive Factors . Specifically, four 
tests were included to mark the memory domain: Object Nun^er (a test of associa- 
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tive memory) J Auditory NLuitoer Spm^ Recognition (a test of -rote^ memoTy) , md 
Memoiy for Words (a st of 'meaningful* mcmoiy) * 

Procedure. TTie experiment was conducted in three sessions* Hie first two sessions 
comprised the Memory md PMA tests, which were given, to groups of about 30 sul3jects 
at a time with the Memory tests administered first, Hie recall task wais given in a 
third session s where groups of about six subjects were run at a time. 

Data Analysis . The analyses of the data examined (a) main and interaction effects 
in recall perfonnance by means o£ analyses of variance, and (b) changes in the 
correlational pattern between marker variables and recall performance both across 
stages of acquisition and experimental treatments. 

Recall scores weie obtained by coiTputing the number of correctly recalled 
stimuli at each of tie 16 trials for each subject. These scores were collapsed 
into blocks of four trials, and mean number of items correctly recalled per 
subject constituted the recall scores used in the final analysis, 

A 2 (Delay vs. No-Delay) by 2 (Sex) by 4 CBlocks of trials) analysis of 
variance with repeated measurement across tiie last factor was performed on the 
recall scores, Ihis analysis was preceded by testing the variance-covariance 
matrices associated with the repeated measurement conditions under Delay and 
No-Delay for equality as described by Winer (1962) , 

In order to be able to inteTpret changes in correlational pattern, it was 
necessary to ascertain that sudi differences are not related to either (a) pre- 
ej^erimentally existing differences in the correlational pattern arong the vari- 
ablesj or (b) reduction of variance in the recall scores at later stages of 
acquisition. The 4 by 4 variance-covariance matrices associated with intelligence 
and memoiy variables imder both experimental conditions" were therefore computed 
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and tested for equality, SiinilarlVj equality of varimcc wa.^ tested for the 
recall scores by Hartley's test f Winer, 1962). 

Correlational analyses were aiined specifically at tiie hypotheses to be 
tested. First, a 12 by 12 correlation nuntrix was computed^ with the 4 BL^ sub- 
tests, the 4 Memoiy tests , and the "4- recall scores entering as varl^les. Exajii- 
ination of trial and treatnient related differences in the covariation among re- 
call and inarker variables then proceeded in analogy to an analysis of variance 
design* Thus, in order to test differences in the overall correlational patteni 
between Delay and No-Delay, canonical correlations were rm with either intelli- 
gence or inemory tests entering as the first variable set^ and the four recall 
scores as the second. Changes in trial-to-trial covariation pattern were exajnined 
by computing sets of multiple correlation coefficients between eithar intelligence 
or memory variables as predictors ^ and any of the four trial scores as criterion 
variable. Tliese multiple c:o;rrelations were comiDuted botli separately for tlia 
Delay and No-Delay conditions and for the coiAined groups. 

Results 

Recall Perfomajice . Test of the variance -covariance matrices associated with the 
repeated measurement recall scores under Delay and No-Delay showed that the null 
hypothesis of equality of covariances could be retained [chi square * 15,8, df ^ 
10; p < ,103. Analysis of Variance on the recall scores revealed a strong effect 
for trials (F ^ 820. SI, df « 3.204; p < ,013- None of tiie other affects was sig- 
nificant. The trial effect is shown in Figure 1. Note tfiat virtually the same 

Insert Figure 1 about here 



acquisition curves are obtained for the Delay and No-Delay groups. 
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Correlational A nalyses ♦ Tests of the varimca-covnrinnce inntriccs as^^ociated 
with the intelligcnco iuid momor>' marker set for Delay and No-nulay showed no 
si^ificant differences in the covariation pattems (PM\: chi square ^ 4.55^ 
df ^ 10, p > ,10, Memoiy: chi square ^ 11,60, df ^ 10, p > .10). Trial-to- 
trial dianges in tiie variance of the recall scorcs similarly are not signifi- 
cant (Delay: F = 1.20, df ^ 16, 36, p > ,10; No-Delay: F - 1,35, df - 15, 35, 
p > •lO)* ITius , the recall -marker relationships presented below do not seem 
to be confounded with statistical artifacts. 

Tiie trial -to- trial correlations between recall perfoiTnance and eadi of tiie 
intelligence and memory markers are shovm in Figiires 2 and 3. Note first that 



Insert Figures 2 md 3 about here 

most of the marker variables do not exhibit a fixed relationship to recall 
perfomance but that the overall pattern suggests systematic trial and treatment 
related changes. At first glance, particularly impressive are (a) the rise in 
recall-intelligence correlations for the ?Mk variables (Figure 2) and later 
stages of recall in the Delay group, and (b) the decline in recall-memory cor- 
relations for the Recognition and Nfemoty for Words tests (Figure 3) as task 
proficiency increases* 

Table 1 sunmarlzes the multiple and canonical correlations whidi were 
confuted to obtain a statistical assessment of these differences in correla- 
tional patterns. Hie over- all relationship, as indicated by tiie cmonical 



Insert Table 1 about here 

correlation coefficients (last colimi of Table 1) shows divergent results for 
^ the two treatment conditions. Althou^ only the- canonical correlation between 
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YWl variables bdlI recall scores in statistically significant, the 
pattern suggests that intalligence variables relate strongest to 
delayed recall^ whereas moTioiy variables are niost pr^ictive under 
inmediate recall. 

Hie multiple coirelations between marker variables and trial 
scores at specific stages o£ acquisition (flist four colimms of 
Table 1) also support this notion of a differential relationship, 
in addition to verifying the hypothesized trial-to-trial pattern. 
On the one hand, considering delyaed recall, there is an inciease 
in the multiple congelation between lecal]. and Inteiligence tests, 
while the correlation^ between memory variables and recall perfomance 
(being insi^ificant to start vjith) shows a systematic decrease 
over trials. On the other hard^ considering No-Delay recall 
perfomance, it is the set of meTOiy variables which shows a strorig 
initial correlation to recall, followed by a systeniatlc trial-relat©3 
decrease, wheieas tlie intelligence vari^les in this case do not 
exhibit a significant relationship to recall. Thus, intelligence 
variables are fourd to be good predictois for later stages of 
delayed recall, ^ile memory variables are good pr^ictors for 
inmediate recall , however, at early stages of acquisition only. 
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Discussion 

The sm*prisingly clear-cut pattern of the present data is in 
clear contiast to previous ^ rather pessiniistic evaluations of 
attempts of cross -relating learning and intelligence test perfonnance 
(e.g. , Stevenson J 19703 . In agreement with the major hypotheses 
o£ the present study^ It is found that the foraiulatlon of 
differential pr^lctions about the Interrelations between specific 
sets of abilities and recall perfomance under varying coi^itions. 
may be a powerful tool in organiEing learning ability interrelationships. 
Thus, in agreement with the major hypotheses of the stisdyj it is 
found (a) that variables of the general intelligence type are good 
predictors of recall perfoimance under delyaed recall , while in^er 
imm^iate recalls variables of the *'rote*' memory type best pi'edict 
recall perfoOTance, and (b) that this pattern is not fixed, but 
midergoes syst^atic trial- related changes. 

The clear differentiation of the recall -ability correlation 
pattern is the more Impressive since the imlvariate acquisition 
patterns for the two treatment groups do not show any differences. 
Within the traditional context of univariate experimental 
methodology, such a filling usually would be Interpreted as an 
indication of equivalent processes operating under tiie two treattient 
conditions, T^ls present fiMing, therefore, strongly underscores 
tile contention that a single perf omance parameter - sudi as 
number of correctly recalled items - is a rather insansltiye 
index of the compleK dianges in imderlying processes that may be 
induct by slight variations in t^k fomat. Within the 



multivariate context of the present study , on the contrary^ it 
appears that the observ©i dianges are highly complex md must 
probably be seen as varying along multiple diinensions. Thus, the 
present data convincingly argue for the need of utilizing 
mult i -measured assessments o£ performance dianges in learning 
tasks in order to locate change phenomena that are apt to be 
neglect^ i£ consideration is given to single perfomance parfflneters 
only. 

In a sijnilar veln^ the miergence of the clear treatment-related 
differentiation of learning -ability patterns suggest to the 
psychometrician the usefulness of attmptlng to move the traditional 
ability concept into a process -oriented franework by applying 
theory-related manipulation in the explication of individual difference 
concepts. Thus, the present authors do not shwoe the pessimism 
expressed by some authors im.g, , Bijgu, 1971; Hmt § Kirk, 1971) 
who feel that the ability concept is being rendered obsolete. Such 
pessimism is justified only i£, as has often happened (Anastasi^ 
1970) ability concepts are viewed as organismic state vmiables 
that have an autonomous and self-explanatory status. If sudi state 
variables are restated ^ however /in tems of theoretically relevant 
process constiaicts (Meltonj 1967) and explicated in terms of their 
learning ontogeny i they should continue to offer a sipiificant 
contilbution towards the understating of intellectual ontogeny. 

Despite the siji^licity of the model adopted in tiie present 
context, its power in systematically alipiing components involved 
in learning perfomance and abilities is most encouraging. From 



a theoretical perspective, the presant findings may be related to 
models conceptualizing the interaction between learning and ability 
systems as the outcome o£ developiental learning sequences. Jensen 
(1971) J for exanple^ has recently relate his Level I and Level II 
abilities in a hierarchically ordered developmental sequence that 
conceptualizes processes of abstraction as built upon associative 
processes^ xv^hich in tarn are a necessary but not sufficient 
prerequisite for the manifestation of Level II abilities* Level I 
abilities involve little elaboration on stlmilus input, so tiiat 
there is high cor respoi^ence between stimulus input response 
output. Level II abilities, on the other hmd^ involve mediation, 
that is elaboration and transfomation of stimulus inputs, A 
similar model has been iomulated by Gagne (1968) who describes 
intellectual ontogeny as "the building of increasingly more complex 
and interacting structures of learnt capabilities'* (p, 198), Thus 
on the one handj abilities are seen as the ontogenetic product of 
a cunulative learning sequence. On the other hanij once abilities 
are acquir^, they will in turn modify subsequent new learning. 
The pattern of trials and treatoent-related differences of 
the present stiMy appear to be in good agreement with such a 
developmental interpretation. Since both learning and ability 
test perfomances are seen to vaiy on a dMension of rote-conceptual 
solution strategies the coirelation pattern between abilities and 
learning would, consequently | be determined by tiie extent to v^ilch 
both sets of tasks occi^y a comparable level on the abstract- role 
continuijn. TTius, first, the treatment- related differences iii 
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correlations appear to exhibit a strong Level 11 comixinent imder 
delaytd recall , vAiile under imnediate recall there is a preponderance 
of Level I processes. Second, however, tiie trial -related overall 
increase in the contribution o£ intelligence variables, parallel^ by 
a corresponding decline in the contribution of monory variables 
towards praiicting recall performance, dononstrates that learning 
and ability systems interact differentially not only as a function 
of task demands but also as a fimction of task proficiency, aidi 
short -tem changes are of particular Interest in a developnental 
context if they are seen to parallel or to simulate (Anastasi, 1970; 
Baltes 5 Coulet, 1971) naturally occurring developmental processes 
of the type describe, for Instance^ by Gagne (1968) and Jensen (1971)* 

The present results seem to carry additional Implications 
tied in with aspects of ^ucational intervention and tecimology. 
Bijou (1971), for exafiiplej has forcefijlly argued that the conceptual 
planning of intervention into the course of intellecttial ontogeny 
would be significantly advance if the frames of reference for 
the theoretical analysis of Intellectual processes on the one hand, 
md for aiucational engineering by means of applicatlcn of learning 
principles on the other, were the same. Thus in contrast to the 
still prevalent shotgun approadi at modifying ability patterns, 
systematic theoretical efforts are called for in all attempts at 
linking specific components ' to specific ability dimensions. The 
present firdings suggest even furtiier tliat such heuristic models must 
account for dianges in leaming-ability relationships as acquisition 
processes. Eventually ^ therefore, educational programs would 
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need to be aimed at facilitating the operation o£ different ability 
components as task mastery progressQS. Obviouslyi however, ciirrent 
knowl^ge of such task-abllity-leaming InteTactions is both vague 
rpstricted in scope. 

Similar perspectives hold true of Issues associated with the 
evaluation of educational interventions in terms of subsequent ^ 
changes in ability scores. Consider^ for example ^ the possibili.ty 
tiiat the somewhat discouraging results obtained in cognj.tive 
intervention research (e^g.^ Jensen, 1969) might be largely due 
to the failure of properly aligning ^ in the evaluation phase ^ 
leaining smd ability components* TTiis seems partloilarly true if 
general measures of intellectual perfomance, such as IQ, are used 
as a criterion In evaluating the effectiveness of educational 
programs* 

All these considerations seem to fi^ther underline the quest 
for vigorous research into the developmental interaction between 
ability and learning components. The cogent pattern of tlie present 
data lends strong support to the proposition tiiat such researdi 
will continue to be of both tiieoretical and practical import » 
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Table 1 

Summary of Multiple aM Canonical Correlation Analyses 



Treatment 




Blocks 


of Trials 






Group 
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S-8 


9-12 


13-16 


1-16 


mk 


Delay 


.32 


.29 


.54* 


.53* 


. 77** 


No-Delay 


.18 


.30 


.23 


.23 


.44 


Combined 


.19 


.26 


.33 


.32 








Mei 


mory 






Delay 


.42 


.32 


.37 


.29 


.45 


No -Del ay 


. 56** 


.55** 


.38 


.32 


.60 


Combing 


.46** 


.40* 


.35 


.28 





Note : Cell entries in first fo^ coliims are multiple correlation 
coefficients using FMA or MOTory Variables as predictors 
and mean recall scores at a specified block of trials as 
criteria. Cell entries in last column are canonical 
correlations using PM or Memoiy Variables as predictors 
and the four recall scores as criterion set. 

*p < ,025 , 
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Figure 2: Trlal-to- trial dianges in correlation be-bsreen recall scores and 
intelligence markers under Delay and No-Delay 
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.gure 3: Trial -to- trial clianges in correlation betvveen recall scores and 
memory markers under Delay and, No-Delay 



